IMPORTANCE Educational attainment is the leading social determinant of health, but few studies of prevention programs have examined whether the programs are associated with educational attainment outcomes after the mid-20s, especially for large-scale programs that provide a longer duration of services.
B ecause of its influence on a wide variety of life-course outcomes, educational attainment is arguably the most important long-term outcome of early childhood interventions (ECIs). Low educational attainment (ie, high school credential or less) is a major risk factor for all 7 health metrics of the American Heart Association (eg, hypertension, smoking, and obesity), 1-3 economic disparities, criminal behavior, and mental health problems. [4] [5] [6] [7] [8] For these reasons, educational attainment is the leading social determinant of health in Healthy People 2020. 9 Early childhood interventions are one of the most promising and consequential of all prevention programs, [10] [11] [12] [13] but few, if any, studies have examined the entire spectrum of education from high school dropout to postsecondary success, primarily because of the lack of follow-up beyond 25 years of age, when continuing education is prevalent.
Findings are also inconsistent across studies, [14] [15] [16] [17] [18] [19] with some showing positive effects on high school graduation and/or college attendance and others showing no such effects, a mixed pattern favoring high school or college attainment but not both, and differences by sex or racial groups. Moreover, to our knowledge, no previous studies have assessed degree completion for large-scale, public programs after the mid-20s.
In the Perry Preschool Study, 17 for example, program participants had significantly higher rates of high school graduation than controls, but no differences were observed for postsecondary degree attainment. The reverse pattern was found in the Carolina Abecedarian Project. 18 Because of small sample sizes, no credible interpretations about subgroup associations were possible. A designed replication of the Abecedarian Project, the Infant Health and Development Program, found no differences in high school dropout. 16 Other long-term follow-up studies, including of Head Start, 15, 19 have reported positive associations with educational attainment up to 25 years of age. Differences by sex vary across studies, [17] [18] [19] [20] but high-risk groups, including the most economically disadvantaged, have had greater benefits. 13, 20, 21 Given the relatively small samples and limited number of programs analyzed in long-term follow-up studies, differences by child and family characteristics and for different dosages of intervention are underinvestigated. 22, 23 This limits the implications of findings for health promotion and economic mobility. Because postsecondary attainment for low-income, minority populations is not usually completed until the early 30s, 24 midlife follow-up is essential for understanding impacts. Sex and family socioeconomic status moderate lifecourse outcomes. 4, 15, 24 In our study, we assessed for the first time, to our knowledge, links between participation in the Child-Parent Center (CPC) program, a large-scale and multicomponent school-based ECI, and educational attainment at 35 years of age. We addressed whether (1) CPC program participation beginning at 3 or 4 years of age was linked to greater educational attainment, including postsecondary degree completion; (2) duration of participation up to 6 years was associated with greater attainment; and (3) increases were modified by sex and parental educational level. We hypothesized that earlier and continuing participation would link to attainment and that men and those whose parents had less education would show greater benefits.
Methods

Study Design
The Chicago Longitudinal Study (CLS) is a multisite, prospective investigation of CPC and early experiences on well-being across the life course. 14, 25, 26 The study sample includes 1539 low-income, minority children born in 1979 or 1980 who grew up in high-poverty neighborhoods in Chicago, Illinois. In this matched-group, alternative-intervention design, all 989 children who entered preschool in 1983 or 1984 and completed kindergarten in 1986 from 20 CPCs were included. The same-age comparison group of 550 children was enrolled from 5 randomly selected Chicago public schools with alternative ECIs (full-day kindergarten; 15% with Head Start preschool) or 8 CPC sites without preschool experience. Previous reports [25] [26] [27] have described the sampling, baseline characteristics, and design elements (eTable 1 and eTable 2 in the Supplement). All data collection procedures have been approved by the University of Minnesota Institutional Review Board. All participants provided written or oral informed consent, and all data were deidentified for analysis.
Because of living in high-poverty neighborhoods, children in this cohort were eligible for and participated in government-funded early childhood programs. Like most other studies of established programs, random assignment to the intervention was not possible and would have violated the legal rules that require enrollment of the neediest children on a first-come, first-serve basis. 25, 27 Data were collected from administrative records, schools, and families from birth to 35 years of age.
is colocated in a school or on school grounds and serves 100 to 150 children beginning in preschool who then matriculate to school-age services in the same location. Any child who visits a CPC site receives services. Participation age ranges from 1 to 6 years. In addition to a leadership team in each site, all teachers have bachelor's degrees and are state certified (eMethods in the Supplement).
Major program elements include the following: (1) highquality educational enrichment through reduced class sizes and a balance of teacher-and child-directed learning; (2) family support services that include participation in school activities, support groups and workshops, and home visits; and (3) comprehensive services that include nutritional and health supports (ie, subsidized meals, health screening, and speech therapy). Service continuity from preschool to third grade (ages 3-9 years) is a hallmark, thus providing a stable and predictable learning environment. The CPC program is being expanded as a multicomponent school reform model. 28, 29 Outcomes The full spectrum of secondary and postsecondary education was assessed. All measures were dichotomous except years of education. Data were obtained from administrative records of various sources and were supplemented by interviews with youths and family members. For higher education, the National Student Clearinghouse was the primary source. 30 More than 3600 public and private colleges, representing 98% of all students, report enrollment and graduation data. We used data collected from matched records from those reports and the Illinois Shared Enrollment and Graduation Consortium (now part of the National Student Clearinghouse) from January 1, 2002, to May 31, 2015 (mean age, 35.1 years) (eMethods in the Supplement). The amount and sources of information were similar among the intervention groups.
Secondary education was measured by 5 indicators: dropout by 16 years of age, 4-year graduation (earned diploma within 4 years of ninth grade entry), and 3 others, including high school completion (earned diploma or General Educational Development credential). Postsecondary education was measured by years of education (range, 7-22 years), college attendance (2 or 4 years), degree completion (associate's and higher), and a credential (eg, occupational certificate) (eMethods in the Supplement).
Statistical Analysis
With use of methods of previous studies, 14, 21, 25 outcomes were analyzed by probit and linear regression in Stata statistical software, version 14 (StataCorp) . 31 Findings are reported as means or percentages and group differences after adjusting for the influence of the covariates through inverse probability weighting (IPW). 32, 33 Inverse probability weighting adjusted for each individual's propensity to enroll in the program (selection model) and to leave the study sample (attrition model) (eMethods in the Supplement). After major assumptions were corroborated, propensity scores for each model were estimated through probit regression, with the resulting values used as inverse weights to estimate associations. 34 As a double adjustment, the weights were multiplied together.
Inverse probability weighting is a more flexible and comprehensive analytic approach than traditional covariate adjustment or matching and yields estimates with the lowest variances and SEs in large samples while correcting for potential biases. 34, 35 The covariates of the propensity scores were measured primarily between birth and 5 years of age, including family risk indicators, sex, race/ethnicity, and child welfare history. There were 17 covariates for the selection model and 26 for the attrition model (eTables 3 and 4 in the Supplement).
Models were estimated separately for preschool and school-age and for extended intervention groups. Dichotomously coded CPC preschool participation at 3 or 4 years of age and school-aged participation from first to third grade were assessed simultaneously. The CPC extended intervention for 4 to 6 years was assessed against the comparison group with less extensive participation (0-3 years). Duration was also analyzed among 6 groups consistent with a dosageresponse relationship.
A dummy code for missing data was included to determine whether estimates based on multiple imputation (expectation maximization) affected outcomes. We adjusted SEs for school-level clustering (mean intraclass r value, 0.05), although this did not affect estimates. Group differences and marginal effects were emphasized, with 95% CIs. Robustness analyses included each IPW model separately (selection and attrition) and the traditional covariate approach. Sex and mother's educational level subgroups were estimated in separate models, with interpretations emphasizing differences shown in the overall model. [7. 1%] Hispanic) were included in the study. In May 2015, a total of 1398 participants (90.8%) from the original sample had data on educational attainment. Retention rates were 91.4% for the intervention group and 89.8% for the comparison group. The high rate of retention was attributable to the use of multiple sources of data, including administrative, self-report, and follow-up tracking. Among those with available information, 963 (72.5%) in the total sample resided in Illinois, with most others (213 [16.0%]) remaining in the Midwest (70 participants had missing contact information). Table 1 gives the rates of participation over time and attrition. The comparison group received a variety of early childhood services. There was no evidence of selective attrition by program status. 14, 25 The attrition sample included those who moved and were not located or deceased (eTable 1 and eMethods in the Supplement).
Results
Cohort Follow-up at 35 Years of Age
were measured from administrative records and family surveys primarily between birth and 5 years of age. The groups were similar in employment, single-parent family status, neighborhood poverty, and adverse experiences (eg, parent substance abuse). They differed in mother's educational level and child welfare but were equivalent among male participants. The original sample had similar group equivalence (eTable 2 in the Supplement). The original and follow-up samples had similar attributes (eg, family risk, program participation) (eTable 1 in the Supplement). However, the attrition sample had a higher percentage of male participants. Inverse probability weighting accounted for differences in analyses (eTables 3 and 4 in the Supplement).
Outcomes for Preschool and School-aged Participation
As indicated in Table 3 , after controlling for IPW selection and attrition, the preschool group had significantly higher levels of educational attainment on 9 of 12 outcomes. These outcomes included a higher rate of 4-year high school graduation (51.0% vs 44.0%; difference, 7.0%; 95% CI, 1.4%-12.6%), college attendance (61.2% vs 53.1%; difference, 8.1%; 95% CI, 0.8%-15.4%), associate's degree or higher (15.7% vs 10.7%; difference, 5.0%; 95% CI 1.0%-9.0%), and master's degree or higher (4.2% vs 1.5%; difference, 2.7%; 95% CI, 1.3%-4.1%) ( Figure) . The advantage for years of education was a half year (12.81 vs 12.32 years), but the difference for an earned bachelors' degree was smaller (11.0% vs 7.8%). The only difference for CPC school-age was in ontime high school graduation.
Outcomes for Extended Program Participation
Compared with fewer years of participation, the CPC 4-to 6-year group (extended intervention) had higher levels of educational attainment on 11 of 12 outcomes. These outcomes included a higher rate of 4-year high school graduation (55.3% vs 44.7%; difference, 10.6%; 95% CI, 3.4%-17.8%) ( Table 3 and Figure) , 4-year college attendance (31.4% vs 24.0%; difference, 7.4%; 95% CI, 0.4%-14.4%), associate's degree or higher (18.5% vs 12.5%; difference, 6.0%; 95% CI, 1.0%-11.0%), bachelor's degree (14.3% vs 8.2%; difference, 6.1%; 95% CI, 1.3%-10.9%), and postsecondary credential (25.0% vs 18.1%; difference, 6.9%; 95% CI, 0.9%-12.9%) (eFigure 1 in the Supplement). The percentage improvements over the comparison group were 38.1% for associate's degree or higher and 48.0% for postsecondary credentials. Other comparisons were similar (eTable 5 in the Supplement). Table 4 gives the levels of attainment for specific dosage groups ranging from 0 to 5 to 6 years of participation. Although, as expected, there were increasing attainment rates as years of intervention increased, 3 results were evident (see biserial correlations and marginal effects for years of intervention in Table 4 ). First, a Data are presented as percentage of individuals unless otherwise indicated. The child and family background indicators were measured from administrative records (birth certificates, school records) primarily from birth to 5 years of age. Parent reports from ages 7 to 12 years were used to supplement some risk indicators (eg, number of children). These and other indicators were used in the inverse probability weighting models. Home environment problems (eg, frequent family conflict) and adverse child experiences were from retrospective reports. The preschool to third grade group showed similar patterns and is not shown. b The index ranges from 0 to 7, with higher numbers indicating greater levels of family risk. The second result was that the high-dosage groups, which participated in the entire program from preschool to at least second grade (4-5 years or 5-6 years), had the greatest attainment difference with the preschool and kindergarten group for all 3 high school graduation measures and bachelor's degree or higher (eg, 15.4% vs 8.5% for preschool to second grade vs preschool only). They also had increased educational attainment compared with the lower dosage groups, including the school-aged intervention group with no preschool (eTable 6 in the Supplement).
Duration (Dosage) of Participation to Third Grade
Third, the attainment levels of the 2 high-dosage groups were similar. Program groups had increases in degree attainment between 28 and 35 years of age that were more than double those of the comparison groups (eFigure 2 in the Supplement).
Differences by Subgroups
Separate estimates were reported for sex and mothers' educational level (eTables 7 to 10 in the Supplement). Compared with male participants, female participants had higher rates of educational attainment. Although postsecondary outcomes were increased for female participants, in the extended intervention, the difference was significant for college attendance only (female participants: 73.5% vs 62.6%; difference, 10.9%; 95% CI, 3.3%-18.5%; male participants: 50.8% vs 49.0%; difference, 1.8%; 95% CI, −7.7%-11.2%) (eTable 7 in the Supplement). For mothers' educational level, differences in years of education, 4-year college attendance, associate's or higher degree, and postsecondary credential were greater for preschool participants whose mothers dropped out of high school compared with those with mothers who were high school graduates (eTable 9 and eTable 10 in the Supplement). This finding and others for 3 postsecondary outcomes are shown in the Figure. The difference in high school attainment was greatest for male participants, especially as duration of intervention increased (eTable 8 in the Supplement).
Robustness Analysis
We compared the main IPW model with 3 others: (1) covariateadjusted model with no IPW, (2) IPW for program selection, and (3) IPW for attrition. As reported in eFigure 4 in the Supplement, program estimates were robust across models that balanced the covariates between groups (eTables 11 and 12 in the Supplement). The covariate-adjusted model yielded slightly lower estimates of impact (eFigures 1, 3, and 4 in the Supplement).
Discussion
Lower educational attainment is a major risk factor for many indicators of health and well-being. To our knowledge, no previous early childhood studies have investigated degree completion for large-scale programs after the mid-20s. Given the low generalizability and small sample sizes of previous studies, 17, 18, 22, 23 differences by subgroups and dosage of intervention are underinvestigated. The benefits of continuing services beyond 5 years of age are especially limited.
As the most comprehensive longitudinal study of an established large-scale program, CPC was associated with educational attainment in midlife. We found positive outcomes for 4-year high school graduation, college attendance, and degree completion (associate's degree or higher). Given that educational attainment is the leading social determinant of health, findings demonstrate that school-based early childhood programs, such as the CPC program, have significant potential to advance life-course health and well-being. For example, all 7 ideal health metrics of the American Heart Association 1-3 (eg, hypertension) are associated with educational attainment in a dosage-response fashion. 36, 37 Higher levels of education are associated with greater economic well-being, 5,38,39 reduced depression, and involvement in the justice system. 5, 6 Increased access to high-quality programs provides an important avenue of improved well-being.
The program had compensatory effects for those at elevated risk: black male participants and children of school dropouts. Although the results varied by duration of intervention, they indicate that prevention can be particularly effective in increasing educational attainment for those with the largest disparities in outcomes. For example, the preschool group from low-education households had a 2-fold increase in bachelor's degree attainment compared with the comparison group. This result dovetails with previous findings 14, 21, 25 and supports the CPC program in enhancing quality, intensity, and continuity of learning. 27-29 Our focus on 4-year high school graduation is unique and reflects a key Healthy People metric. 9 The association between intervention and the educational attainment continuum in midlife increases the likelihood that the CPC program can influence adult health. 40 This finding is supported by increasing literature that early childhood experiences link to healthy behaviors. 39,41 A major implication is that investments in the ECI, whether during the preschool or early schoolaged years, are investments in public health and can affect longterm outcomes. Although access to publicly funded preschool has increased in recent years, only 42% of children aged 4 years and 15% of those aged 3 years enroll in state prekindergarten, Head Start, or other programs. 42 Continuing participation in programs similar to the CPC program is not tracked but has been estimated to be less than 10%. 22, 23, 28 Our findings indicate the importance of increasing the availability of such services.
Figure. Adjusted Rates for 3 Measures of Educational Attainment by Child-Parent Center (CPC) Program Participation
Another unique feature of the study was examination of preschool to third grade services within a dosage framework. Research on dosage effects have been limited despite their direct policy implications. Studies 43,44 have found that an additional year of preschool leads to improvements in educational outcomes. Whether the effects are sustained largely depends on the quality of subsequent experiences. 4, 23, 27 Our findings extend previous work by showing that years of participation from preschool to second or third grade were linked to all high school graduation outcomes. Years were also asso-ciated with higher rates of earned degrees, including a bachelor's degree. Long-term effects on education can be strengthened if services continue through at least second grade.
The processes that account for the observed links with educational attainment are complex, but several have been identified. Through educational enrichment, the CPC program and other interventions promote early cognitive scholastic skills, which lead to better school performance and adjustment and increased school commitment, thereby reducing the need for treatment. 11, 15, 17, 22 Similar cumulative processes of effects have been found for family support and parenting behaviors and school support and quality. 22, 23, 45 Socioemotional advantages (eg, self-control) also have a key role in explaining links with crime prevention and college persistence. 11, 45 The linchpin of this mediational process is that initial links are sufficiently strong as a function of effective implementation. How this process carries over to physical health and health behaviors in midlife warrants further investigation, but educational attainment is a key conduit that contributes to a process of cumulative advantage. 4, 36, 37, 45 A rare feature that further strengthens inferences is the availability of complete records of attainment from multiple sources. Education is a continuous process that extends into the 30s for the CLS cohort and in general. The CPC preschool to third graders and preschoolers had nearly doubled rates of degree attainment from 28 to 35 years of age, whereas the rates for comparison groups increased slightly (eFigure 1 in the Supplement). The program groups also had increased rates of earned degrees by nearly 50% (Table 3 and Table 4 ). Despite economic barriers that make it more difficult for poor and minority youths to pursue postsecondary education, 46 these findings indicate that prevention early in life can help reduce economic disparities in attainment at a time when the returns to college are increasing. 5, 46 Nevertheless, these sizable benefits do not eliminate disparities across the education continuum with more advantaged groups, especially for degree completion. 47, 48 Early childhood programs, which are targeted to families at higher levels of risk, would not be expected to permanently compensate for continuing disadvantages. For example, the rate of arrest among CLS youths is double the national rate, 49 and this difference accounts for the higher rates of attainment for female participants in the study and substantially contributes to the lower rates of degree completion compared with the general population.
Limitations
This study has 3 limitations. First, the findings are based on a quasi-experimental design, and thus the strength of inferences may not be as strong as in well-executed randomized ex-periments. Nevertheless, the groups were largely equivalent and findings were consistent across analytic methods. Second, measures of postsecondary education were collected from administrative records and supplemented with self-reports. It is possible that some participants were missed from the records search even though we obtained a 91% rate of retention. Third, generalizability of findings may be restricted. Although other programs are supportive of the long-term benefits reported here, 10, 11, 13 the population served in our study had relatively high levels of economic disadvantage. In addition, the CPC program has a long history of effectiveness because of its quality and comprehensiveness, and thus results may not apply to programs of modest quality.
Conclusions
This study suggests that an established and large-scale ECI contributes positively to educational attainment in midlife, a key social determinant of health and well-being. Replication and extension of findings to other contemporary programs, contexts, and samples should further strengthen confidence in the benefits of multiyear and multicomponent preventive interventions. Note. Adjusted with IPW attrition and selection. Gender, race, and sociodemographic factors are included as covariates. Child welfare history by age 4 is not included in the models of Bachelor s' degree and Masters' degree or higher because it predicted the outcomes perfectly. There are 57 cases (4%) report Master degree or higher. When examined by the 6 groups, the "no prek had any follow on group" predicted the outcome perfectly, so it was not examined. The correlation is the unadjusted biserial correlation between the extent of intervention in years and the outcome, and it adjusts for the dichotomous outcomes.
Groups are as follows: (1) Prek to 3 rd grade, n=160 (2) Prek to 2 nd grade n=351 (3) Prek to 1st grade n=116 (4) Prek/Prek + K n=277 1 (5) No Prek had anyfollow on n=149 (6) 
Study Background
The Chicago Longitudinal Study (CLS) is a prospective cohort investigation of early childhood experiences and well-being over the life course (1) (2) (3) . The study sample of 1,539 children of the same age attended early childhood programs in the Chicago Public Schools over 1983-1986, and have been followed to midlife. Nearly two thirds (N = 989) attended the Child-Parent Center (CPC) Education Program in preschool and kindergarten and one third (N = 550) attended alternative kindergarten programs in the Chicago Public Schools. All children completed kindergarten in the spring of 1986, with those continuing in CPC up to 2 nd or 3 rd grade. CLS participants were born in 1979 and 1980 and grew up in high-poverty neighborhoods in Chicago. Matching the racial and ethnic composition of the neighborhoods, 92.9% of the cohort is African American and 7.1% are Hispanic. Nearly 80% of participants resided in areas of concentrated poverty, defined as 60% or more of individuals at/below 185% of the federal poverty line. The high degree of economic disadvantage faced by study participants is fully described elsewhere (4, 5) .
In this article, data are included from birth to age 35, up to 32 years after program enrollment at ages 3-4 years. Data have been collected from many sources and provide a full accounting of not only of educational attainment but predictors and antecedents. These include birth records, K-12 school records, parent and teacher surveys, participant surveys, involvement in the criminal justice system, employment and earnings, and school enrollment and graduation from high school through postsecondary education. The National Student Clearinghouse provides the most complete records of college degree completion, and these records are supplemented with participant reports, and data directly from institutions.
The CLS is currently in the early midlife phase and investigators are examining the links between early childhood experiences and well-being up to age 35. Previous phases of the study have investigated the individual, family, intervention and school predictors of well-being up to age 10, 15 to 18, 18 to 24, and age 26 to 28 (6) (7) (8) . Samples sizes have ranged from 1,233 to 1,473, which reflect the combination of survey response and administrative records. The sample size in this article is 1,398, and includes individuals with valid data on educational attainment up to age 35. The main sources are the National Student Clearinghouse, Illinois Shared Enrollment and Graduation Consortium (which was later incorporated into the Clearinghouse), school administrative records, and self-reports.
Design and Validity of Program Contrasts
The CPC program group is a complete cohort of 989 children who attended preschool and kindergarten in all 20 CPCs. The comparison group of 550 children attended full-day kindergarten programs in five randomly selected schools participating in the Chicago Effective Schools Project (CESP; N = 374) or in CPC-affiliated schools (N = 176). Both interventions were for children at risk of school underachievement due to poverty and related factors. 15% of the comparison group attended Head Start preschool (3, 8) . Consequently, the CLS is a matched group, alternative-intervention quasi-experimental design in which the performance of CPC participants is compared to children in demographically-similar neighborhoods who enrolled in the usual early childhood interventions available to vulnerable families in the Chicago Public School District. Schoolage services from first to third grades were available to all children who enrolled in the CPC-affiliated schools regardless of preschool or kindergarten participation. eTable 1 shows the characteristics of the original sample and by attrition status by age 35.
The comparison group matched the program group on age, eligibility and participation in intervention, and neighborhood and family poverty. Eligibility criteria for CPC and CESP enrollment were similar and included (a) residence in a school area receiving federal education aid from Title I of the Elementary and Secondary Education Act of 1965, (b) demonstration of high educational need, and (c) parents agree to participate in the program to support children's learning. For CPC, this was specified as being involved up to one-half day per week in the program.
Because the CPC program was a larger-scale established intervention operating in the school district since 1967, had positive evidence of effectiveness on student achievement and school success, and was reserved for those most in need, random assignment to groups was impossible. Not only would it have been unethical, as program benefits were known and not uncertain, but contamination (noncompliance) would have most surely occurred. Children and families randomly assigned to the comparison condition in this school-wide intervention could not be required to take the assignment, especially if they lived in a CPC attendance area. Nor would they have given the known benefits and the legal requirement that the program serve those most in educational need. Cross-contamination has occurred for other multi-level preschool to third grade interventions. The accumulated evidence in CLS demonstrates that findings are interpretable as program effects, as estimates are consistent across many different model specifications, comparison group contrasts, and analytic techniques. These techniques include latent-variable structural modeling, propensityscore weighting, matching, and stratification, and alternative covariate specifications. Causal mechanisms of change have also been shown to be consistent with the theory of intervention. These findings and interpretations are fully documented elsewhere (9-12).
Adult Follow-Up and Group Equivalence
At an average age of 35.1 years, 90.5% (N = 1,398) of the original CLS cohort had data for educational attainment by May 31, 2015. Sample recovery rates for the program and comparison groups were, respectively, 91.4% and 89.8%. Approximately 60% of the sample resides in Illinois (based on the age 35 survey), with many others (15%) remaining in the Midwest. The study sample represents the original sample well on nearly all attributions and no evidence of selective attrition has been found in prior studies. Data that have been missing for education, health, and behavioral outcomes are accounted for measured covariates and predictors. Thus, the assumption of missing at random has been commonly found. eTables 1 and 2 show the characteristics of age 35 follow-up and attrition sample as well as the program and comparison groups at the beginning of the project. Child and family characteristics were measured from birth records, school and health administrative records, and family surveys. The latter assessed baseline characteristics when children were primarily between 7 and 12 years; and they supplemented records data. The p-values show the significance of group differences at the beginning of the study and at follow up. For early home environment (e.g., adverse child experiences), retrospective reports from participants were used. As shown in eTable 1, the characteristics of the original and age 35 study samples are generally similar, including for the number of family risks (4.52 vs. 4.49, respectively), CPC preschool (64.3% vs. 64.7%, respectively) and extended program participation (35.9% vs. 36.8%, respectively). However, the attrition sample had a higher proportion of males compared to the follow-up sample (71.4% vs. 47.6%) and was more likely to be disadvantaged. Since the attrition sample represented only 9.2% of the original cohort, the impact of these differences was small.
As shown in eTable 2, the two consistent differences that have been found are that program participants are from higher poverty neighborhoods and mothers have higher rates of high school completion as reported in birth records. These differences are reduced once other socio-demographic factors are taken into account. However, the advantage in parent education is specific to program females, as rates of high school graduation are nearly identical for program and comparison males. Indeed, no differences between program and comparison males have been found for any baseline measure or covariate-which number over 30 indicators (eTable 2).
Child-Parent Center (CPC) Education Program
The CPC program is fully described in many reports (4, 5, 13) . It began in 1967 in four new centers on the city's westside. This was the result of the landmark Elementary and Secondary Education Act of 1965 for which federal funding from Title I of the Act was used by the school district to open the centers. The Chicago Public School District was the first to use Title I for preschool and thereby established CPC as the second oldest (after Head Start) federally-funded preschool. Although CPC began as a comprehensive preschool program, children received continuing services in kindergarten and the early grades the following year, resulting in the preschool to 3 rd grade program that it is today. The program was modified as a school reform model in 2012 as part of expansion in and outside of Chicago funded by the U. S. Department of Education. Six core elements are implemented; effective learning experiences, collaborative leadership, aligned curriculum, parent involvement and engagement, professional development, and continuity and stability. A system of resources is now available to plan, monitor, and evaluate progress for wide-scale use and sustainability. This includes a program manual for implementation (14) .
The program was developed in response to three major problems facing Chicago schools: low rates of attendance, family disengagement with schools, and low student achievement. The conceptual foundation is that well-being is a product of proximal and distal influences at multiple levels of contexts (individual, family, school, community) experienced during the entire early childhood period (ages 3 to 9). The program's focus on the quality and continuity of learning environments indicates that optimal development can be promoted through enriched experiences and settings during early childhood and the transition to school. Due to discontinuities in instructional support and philosophy between early childhood and school age settings, improvements in the integration and alignment of services during this important ecological transition improves children's levels of readiness for kindergarten that are sustained over the elementary grades.
CPC provides comprehensive education and family support services. Under the direction of a leadership team at each site and in collaboration with the Principal, CPC enhances school readiness skills, increases early school achievement, and promotes parent involvement. It is a stand-alone school or center in which all children receive services. Health and nutrition as well as referrals to social services also are provided. The Head Teacher (HT) or Director works under the leadership of the elementary school Principal. HTs are the administrative leads for the program and manage implementation, provide coaching and supervision to staff, and help establish expectations of performance. The Parent Resource Teacher (PRT) directs the CPC's parent resource room and family services, and outreach activities are organized by the School-Community Representative (SCR). Health services are coordinated between the preschool and elementary grades.
After preschool participation at ages 3 and/or 4 in small classes with student-teacher ratios of 17:2, the K-3rd component provides reduced class sizes (maximum of 25), teacher aides for each class, continued parent involvement opportunities, and enriched classroom environments for strengthening language and literacy, math, science, and social-emotional skills. The key program elements are described in further detail (4, 5). For high school completion status, 114 participants reported postsecondary education attendance, but they are missing on whether they completed high school via diploma or GED. Their types (high school graduation or GED) of high school completion were estimated based on available information from other data sources, including ISEG, NSC, CPS, and DCFS. For years of education, 2 participants are missing last grade they completed before they dropped out of school.
Educational Attainment Measures by Age 35
Across all sources of information, 72% of the age 35 follow-up sample had available administrative records from one or more sources, with the remainder from survey reports. These percentages were similar by intervention status: preschool (73%), comparison (70%), extended intervention to 2 nd or 3 rd grade (74%), and less extended participation (0 to 3 years; 70%).
The sample size for educational outcomes at age 35 is 1,398. Among the 1,539 participants in the original sample, we have educational information on 1,473 individuals. Participants fit the following criteria to be included in the age 35 sample of educational outcomes:
Findings are reported as adjusted rates (percentages) or means between groups after accounting for potential biases in estimation. The covariates included 15 child and family attributes. With the exception of public aid, subsidized lunches, and home environment, the covariates were measured primarily from birth to age 5 from administrative records (e.g., birth records, public aid, child welfare, neighborhood poverty) or family surveys. A dummy code for missing data on the covariates also was included in the models to assess if estimates based on multiple imputation were similar for those with and without missing data. Preprogram measures and covariates from administrative records came from the Illinois Department of Child and Family Services, the Illinois Department of Public Health, the Illinois Department of Health and Family Services, and the Chicago Public Schools. School and neighborhood poverty status were from U. S. Census records. Four models were estimated for each outcome. The unadjusted model is also included as point of reference.
Model 1 (covariate-adjusted). This is the standard probit-regression model that includes 15 covariates, including earlier (preschool) and later (school-age) intervention entered simultaneously. PK-3 intervention impacts were estimated separately. Prior studies demonstrate the consistency of this model with latentvariable, propensity score weighting, and propensity score matching (5) (6) (7) (8) (9) . The model provides a comparison with the others Model 2. (attrition correction). This specification is Model 1 estimated as a weighted regression, whereby the weight is the Inverse Probability Weighting (IPW) for attrition. In this approach (20, 21) , the predicted probability of being in the recovery sample (R = 1; otherwise 0) is estimated for each measure of educational attainment via probit regression conditioned on the predictors (X) hypothesized to influence sample recovery. The propensity score was estimated as:
(1) P 1i = Pr(R = 1|X) + e
The model had 26 variables, including program participation and the covariates as predictors (see eTable 4). The inverse of this predicted probability (1 / P 1i ) was used as a weight variable for the recovery sample (1 / (1 -P 1i ) for the attrition sample) in all outcome models after verifying that data were missing at random (controlling for Xs) and that propensity distributions between groups overlapped. The IPW approach generally produces estimates with the lowest variances and standard errors in large samples (22, 23) . Unlike propensity score matching, IPW uses all available data and can be combined with other propensity scores to estimate more complex models (23) . eTables 5 to 12 and eFigures 1 to 4 show further results and supporting evidence.
Model 3.
(program selection correction). Findings were also reported for models using IPW weights (P 2i ) for selection into each of the intervention components. The program selection scores were estimated as follows, in which T denotes participation in the program (T = 1; otherwise 0) and X a set of covariates:
(2) P 2i = Pr(T = 1|X) + e
The estimated model for program selection (preschool, school-age, and extended intervention) was based on 17 preprogram predictors with weights 1/ P 2i for the program group and 1/(1 -P 2i ) for the comparison group (see eTable 3). Estimates based on propensity score matching and regression-based propensity score adjustments yielded similar results.
Model 4. (attrition and program selection correction)
. As the main model of the study, this specification is the IPW weighted regression with the multiplicative weight term (Equation 3: P 3i = P 2i * P 1i + e) as the weight variable. This model estimates the adjusted group differences accounting for attrition from the sample and selection into the program. The models were estimated separately for preschool/school-age and extended intervention (PK-3). See eTables 5 to 12. Subgroup results are shown in eTables 7 to 10 and eFigures 3 and 4.
The validity of each model in producing estimates interpretable as program (causal) effects is based on three major assumptions that have been met in this and prior studies (4) (5) (6) (7) (8) (15) (16) (17) (18) . First, participation and selection into the program is unaffected by the services other participants receive. This absence of treatment contamination or cross-over between program and control conditions is called the stable-unit-treatment-value assumption. Second, participation or selection in the program (T) is conditionally independent (given covariate Xs) of the response or outcome (Y) of intervention (i.e., Pr(T/X, Y) = Pr(T/X). That is, after accounting for the observed (measured) predictors of participation, the estimated propensity score for each individual is uncorrelated with one or more outcomes. Thus there is no specification error or omitted variables that are jointly correlated with program participation and outcome. A corollary assumption is that the distribution of propensity scores for each program group shows common support in that they are predominately overlapping (e.g., have similar propensities for participation or attrition). Supporting evidence for these three assumptions indicate that strongly ignorable treatment assignment was present, which is a functionally similar to groups being randomly assigned to the program (24, 25) .
To enhance interpretability, coefficients from probit regression were transformed to marginal effects. 95% confidence intervals were reported. Subgroup effects were highlighted for outcomes showing overall main effects. See eTables 5 to 12 and eFigures 1 to 4 for results. Clustering by 25 program and control sites at the beginning of the intervention made no difference in estimates (intra-class corrections averaged .05 based on a two-level unadjusted variance components model). This is not surprising given the length of time between participation and outcome measurement. 
